Abstract-Large-scale antenna arrays have been studied for a variety of applications including 5G technology. Large number of antenna arrays provide high multiplexing gains and array gains with high directivity for better performance in terms of data rate or link reliability. This paper implements a simple and efficient technique of using sub-arrays for the development of large uniform arrays. Large arrays can be formed by repeating a small sub-arrays throughout the rest of the large array. The use of sub-arrays simplifies the large array design by allowing the designer to concentrate on the smaller sub-array before constructing larger arrays. Thus, the performance and radiation characteristics of large arrays can be predicted through the investigation of sub-arrays. The array-factor for a planar subarray of 2x2 (4 elements) is analysed using Mat-lab software and then a large arrays are formed by placing the 2x2 sub-array in three different configurations i.e. in a rectangular, square and linear arrangements up to 16x16 planar array. Thus, the arrayfactors, directivities, HPBWs, and sidelobes of the constructed large arrays have been analysed and compared with the small sub-array.
I. INTRODUCTION
Large-Scale Antenna Array Systems (also called Massive MIMO or Hyper MIMO) is a very crucial concept in wireless communications research areas that highlights the significance of 5G technology network architectures. In Hyper MIMO, there are large number of array antennas at the base stations which are operated uniformly to direct the signals into smaller regions of space. In addition, more than one antenna is equipped with the user devices to facilitate the reception of signals, thus there is a significant improvement in energy efficiency as well as the throughput [1] [2] [3] [4] . As large antenna arrays are resonated in millimetre wave frequency ranges, they can be placed in very small areas with various configurations such as planar, circular, spherical or cylindrical arrays.
The configuration in which the arrays are placed, the number of elements, the individual radiation patterns, the inter element spacing and mutual coupling among the elements all contribute in the final performance of any massive MIMO system. The common frequencies used for Massive MIMO systems are 27-28GHz and 60-70GHz while the type of antennas investigated can be patch antennas, horn antennas or dipoles. In fig 1. 1, a 2x2 rectangular antenna array configuration is used in mobile handset as shown. Large planar arrays such as 4x4, 8x8, 16x16, and 32x32 can also be fitted into small areas of less than one square centimetre at the base stations. Planar arrays are characterized with high gains and very directive beams in the desired directions while showing low side lobes in undesired directions. Moreover, as antenna gain and directivity are related, it can be easily calculated from the array factor [8] [9] .
To study the characteristics and behavior of large antenna arrays radiation patterns, there are several strategies among the researchers. One of the most popular methods which is also used in this project is the concept of sub-arrays. Subarrays are considered as elements in a large array. This provides an easier analysis as the designer will focus on the small sub-array design and construct large arrays by repeating those sub-arrays throughout the entire large array. According to [10] , the overall pattern of an array arises from the multiplication of individual element pattern and the array factor. When sub-arrays are involved, the overall pattern can be achieved from the product of element pattern, the subarray factor, and the full array factor determined by the amplitude of excitation, spacing between the elements as well as phasing between sub-arrays.
Using sub-arrays is a very useful technique when it comes to the design of large array antennas. In fact, subarrays simplify the design by allowing for the large array designer to focus on the smaller subarray design first and eventually use that sub-array as an element for any other larger array. Instead of encountering full array study, this approach implements the sub-array to build the large array. Thus, by reducing large array problem into small array solution could save a lot of CPU time as well as memory requirement. Generally, radiation characteristics of any large array can be easily predicted if the mutual coupling is ignored between the elements of array antenna. By implementing pattern multiplication approach of the array factor as well as the radiation pattern of single element would be adequate to forecast the array radiation performance and characteristics [11] [12] .
There are many other widely used numerical approaches available for large array analysis. Some of the analysis are based on infinite-array approach as well as the periodicity of the structure while others depend on the actual finite size array. Infinite array method ignores the edge effects while the simulation of the second approach is highly computational, complex and expensive when it comes to large array size. Research mentioned in [9] validates that subarrays can be used as a building block to facilitate the design of large antenna arrays. By controlling the subarray, the overall radiation pattern can be easily predicted. This can be achieved by multiplying the element pattern, sub-array factor and the overall array factor. Fig 1 represents the levels of array factor synthesis. Fig. 1 . Array synthesis when using sub-array concept [8] Any change in the element pattern array factor, subarray or full array factor will greatly affect the final array pattern. Changes can be the appearance of maximum (grating) lobes, variation of sidelobe levels or any change into asymmetries. Grating lobes appear due to distortions in the sub-array which results from feeding errors or mutual coupling between feedline and elements. The concept proposed in this paper was the design of 1x16 array from four 1x4 subarrays. The sub-arrays are manipulated in order to suppress the grating lobes by using parallel and series excitations.
II. PROPOSED SUB-ARRAYED PLANAR ARRAYS
The array factor analysis of MXN (M=2, 4, 8, 16, 32) and (N=2, 4, 8, 16, 32) uniform broadside planar arrays which consists of an isotropic radiators are proposed in order to investigate the radiation characteristics of largescale arrays. Figure 2 shows the conceptual diagram of describing this arrangement. Starting with 2x2 (4 element) planar array as a sub-array, a large planar array is formed up to 16 x 16 (256 elements).
For a planar uniform array of MXN elements in which all elements have same amplitude excitations, the normalized array factor is found as: [3, 7] (1)
Where
The beam solid angle of planar array can be obtained as: Directivity is defined as the ratio of maximum power density to its average value over a sphere. This shows how much the antenna is directive compared to isotropic antenna which has a directivity of equal to 1. To calculate the directivity of an array, the general expression shown in equation (4) is used. (4) For large broadside planar arrays, (4) reduces to (5) (5) Where, is the directivity of linear array placed in x-axis whereas is the directivity of the second linear array in yaxis. Moreover, the array solid beam angle in equation (3) can also be used to find the approximate directivity of large broadside planar arrays as seen in equation (6) . (6) Where is mostly expressed in square degrees or square radians.
The gain is calculated as: (7) So the gain is also defined as the ratio of intensity in a particular direction to the power gain of the reference antenna in its referenced direction.
III. RADIATION PATTERN ANALYSIS OF SUB-ARRAYED PLANAR ARRAYS
Based on the Array factor formula given in equation (1-7), a mat-lab code is created to plot the NXN (N=2, 4, 8, 16, 32) 2D array factor plots starting with 2x2 (4 element) planar array as a sub-array and then a large planar array is formed up to 16x 16 (256 elements). The plots are as shown in Figure 3 . Figure 3 shows that starting from a unit array of 2x2, the pattern becomes more directive. The first unit array of 2x2 doesn't show any side lobe but constructing 4x4 rectangular array, two side lobes suddenly appeared. Similarly, as we increase the modular array i.e. 2x2, 4x4, 8x8, 16x16, the number of sidelobes follow a specific pattern as 0, 2, 6, and 14 respectively. Therefore, the plotted array factor patterns clearly shows that the number of sidelobe for any NxN (2,4,8,16… ) rectangular array can be easily predicted from the smallest 2x2 planar array. The combined for all planar array is shown in Fig. 4 . 
IV. MODULARITY ANALYSIS OF SUB-ARRAYED PLANAR ARRAYS
Based on the array factor characteristics presented in Fig. 3 and using equations (1-7) , the directivity, gain, 3dB half-power beams widths, no of sidelobes and sidelobe levels are calculated to analyse the modularity of sub-array. The behaviour of modular planar arrays are closely observed to derive the impact of placing planar antenna arrays in modular form i.e. 2x2, 4x4, 8x8 etc. The directivity, 3dB half-power beam widths, number of sidelobes appearing and as well as the sidelobe level variations are presented in Table 1 and Fig. 5 and 6 . Referring to Table 1 , planar antenna arrays has shown similar repeating radiation characteristics when they are placed in a modular form. It can be observed some similarities in their directivities, half-power beam widths and sidelobes. To start with directivity, the directivity increases by 6 dB every time when the array size is increased by a factor of 4 such as 2x2, 4x4, 8x8, 16x16 and 32x32. For example, 2x2 planar array has a directivity of 7.06 dB while it has increased to 13.48 dB in the case of 4x4 array and so on. Similarly, the gain of the array antennas follows the directivity accordingly when an antenna with efficiency of 0.94 was used. Thus, it can be concluded that there is 6dB directivity and gain increase when the array enlarges along the given modular form.
Moreover, the half power beam-width is exponentially decreasing with the increase of array size. The decrease in half-power beam width is indirectly revealing the increase of that of directivity as the array becomes larger. The 3dB HPBW variation shows a halving trend where it drops half every time when array size is increased modularly. For instance, 3dB HPBW's for 2x2, 4x4, 8x8 planar arrays is 60.33, 26.47, and 12.87 degrees respectively.
From Figure 5 , it is clearly seen that the directivity and gain are linearly increasing with the increase of number of elements in the array. Similarly, sidelobe level variations also increase linearly in the beginning before it becomes constant. But the number of sidelobes and 3dB half power beam widths follow an exponential form where the directivity and HPBW are inversely related as illustrated in Figure 6 .
V. CONCLUSION
Large-scale antenna arrays have been studied to evaluate the feasibility of a simple and efficient technique of using sub-arrays for the development of large uniform arrays. Large arrays can be formed by repeating a small subarrays throughout the rest of the large array. The antenna array is investigated based on sub-array for the pattern, the directivity, gain, 3dB half-power beam width, no of sidelobes and sidelobe level. It is observed that there is 6dB directivity and gain increase when the array enlarges along the given modular form. The half power beam-width is exponentially decreasing with the increase of array size. The sidelobe level variations also increases linearly in the beginning before it becomes constant. But the number of sidelobes and 3dB half power beam widths follow an exponential form. Thus, this analysis can be utilized to predict the radiation characteristics of large-scale arrays by creating a small sub-array of 2x2 elements as a reference. 
